OBJECTIVES: Acute Type A aortic dissection exhibits poor in-hospital outcomes after emergency surgery. Evaluation of risk predictors for in-hospital major adverse outcomes (MAO) is key to reducing the mortality rate and improving the quality of care.
INTRODUCTION
Acute aortic dissection Type A (AADA), a life-threatening condition, is an exclusive indication for emergency surgical treatment [1] , but major adverse outcomes (MAO) that sometimes occur after the operation cause in-hospital death and disorders such as myocardial infarction, spinal cord ischaemia, cerebral vascular accident, acute renal failure and mesenteric infarction [2] . Preoperative factors that negatively affect in-hospital deaths, e.g. older age, longterm comatose state, preoperative presentation of shock, several types of malperfusion syndromes and long operating times are well researched and known [3] [4] [5] [6] . To explore the impact of surgical techniques on patient outcomes, the clinical end points in aortic arch surgery have been standardized by the International Aortic Arch Surgery Study Group [7] . The MAO, ranging from Grade III postoperative complications to death, and the independent risk predictors, which are the potential causes of postoperative MAO, have not been specifically identified. To improve short-term and long-term outcomes, it is critical to identify those patients most at risk of postoperative adverse events.
The aim of this study was to identify the risk predictors of inhospital MAO through univariate and multivariate analyses of patients with AADA who presented with postoperative MAO and patients who recovered well without MAO.
METHODS AND MATERIALS

Patients and treatment protocol
Between May 2013 and May 2015, 265 consecutive patients with AADA were treated with a surgical procedure in our institute. Computed tomographic scans of the aorta and the brain were made when aortic disease was suspected in patients upon hospital arrival. If the patient presented with a neurological disorder, a definitive diagnosis was made. Surgery was performed immediately, with priority given to patients with AADA with any of the following conditions: acute myocardial infarction, acute renal injury with increased serum creatinine levels, lower limb ischaemia, spinal cord ischaemia or transient ischaemic attack. For patients in a coma or with acute visceral ischaemia, immediate surgery with hypothermic circulatory arrest (HCA) risks aggravating the organ malperfusion, which would cause a devastating neurological deficit or gut ischaemia after the procedure. In the occasional instances that we have seen, such patients were closely monitored in our hospital's intensive care unit. In cases like these, organ malperfusion would be relieved, probably due to the mechanism of self-adjustment of cerebral blood flow in patients in a coma or the establishment of collateral circulation in patients with visceral ischaemia. Of course, emergency surgery within 1 h would be critical if there is any indication that the dissection is progressing, e.g. refractory hypertension or recurring pain. Otherwise, surgery is always performed as soon as possible when the patient's condition has improved.
Operative approach
Aortic repairs were conducted through a median sternotomy, using full heparinization, cardiopulmonary bypass (CPB) and profound HCA with antegrade cerebral perfusion. Arterial cannulation was done through the femoral artery (n = 27) or both the femoral and axillary arteries (n = 238). Once a nasopharyngeal temperature of 18 C was reached, CPB was discontinued, and circulation was arrested. Antegrade perfusion of the innominate artery was started by direct cannulation into the true lumen from the orifice, and the antegrade perfusion flow was maintained at between 5 and 10 ml/kg per min. A total arch replacement with the frozen elephant trunk technique was performed in patients with Debakey I aortic dissection and in those patients with Debakey II aortic dissection who were suspected of having connective tissue disease. Otherwise, patients received hemiarch replacement, aortic root replacement (all Bentall procedures in this cohort) or ascending aorta replacement procedure according to the extension of aortic dissection. After completion of the distal arch reconstruction, antegrade cerebral perfusion was discontinued, and CPB flow was resumed, with systemic warming initiated until body temperature reached 35 C.
Postoperative major adverse outcomes
The clinical data on patients were retrospectively reviewed with the approval of the institutional review board. The postoperative complications were classified according to the consensus statement from the International Aortic Arch Surgery Study Group [7] . The MAO in this study were defined as the events ranging from Grade III complications to death. The in-hospital mortality rate was 6.4% (17/265), and MAO were present in 70 patients (26.4%) ( 
Statistical analyses
Categorical variables were compared using the v 2 test or the Fisher's exact test where appropriate. Continuous variables, expressed as the mean and standard deviation, were analysed with 2-sample t-tests. All the statistical tests were 2-sided, and P-values of 0.05 or less were considered statistically significant. No correction for multiple testing was performed. The influence of different parameters on inhospital adverse outcomes was analysed using multiple logistic regression analysis. All the clinically important variants were included in the multiple logistic regressions, and a backwards variable selection approach was then performed. Two regressions were performed separately for the pre-and intraoperative risk factors. Results of the logistic regression are presented as odds ratios (ORs) with confidence limits. All statistics were analysed using SPSS version 20 (SPSS Inc., Chicago, IL, USA).
RESULTS
Patient characteristics, clinical presentation, vessel involvement and laboratory results of acute aortic dissection Type A
Compared to patients without MAO, patients with MAO were more likely to be older and to have had a lower frequency of Marfan syndrome and aortic aneurysms ( Table 2) . Patients with MAO were also more likely to present preoperatively with neurological deficits (including transient ischaemic attack and coma) (18.6% vs 9.7%) and lower limb symptoms (20.0% vs 8.2%) ( Table 3) . Lower limb symptoms included pain, decreased muscle strength and sensory dysfunction, which often correlated with the visceral and renal malperfusion in patients with Debakey I aortic dissection. Among the 32 patients with preoperative neurological deficits, 19 recovered well and the neurological deficits disappeared after the procedure. The other 13 patients had postoperative adverse outcomes, including acute renal failure in 8 patients; 5 patients died (3 patients died of a devastating cerebrovascular accident and 2 patients died of acute myocardial infarction). Between the 2 groups of patients, distribution of Debakey I/II aortic dissections and primary tear location were similar. Patients without MAO presented to the tertiary hospital later after the onset of the initial symptoms than the patients with MAO; duration from presentation to surgery was similar between the 2 groups (Table 3) . Accordingly, the duration from initial symptom onset to surgery was significantly longer in patients without MAO. Branch vessel involvement was assessed based on preoperative imaging by at least 2 radiologists, and the involvement of the coronary artery and supra-aortic vessels was further confirmed through observational findings during the procedure. The proportion of branch vessel involvement was significantly higher for patients with MAO than for patients without MAO: coronary artery (60.0% vs 21.0%), left subclavian artery (47.1% vs 28.7%), innominate artery (62.9% vs 50.3%), coeliac trunk (41.4% vs 27.7%) and left renal artery (58.6% vs 40.0%) ( Table 3 ). In the 4 patients who presented with postoperative visceral ischaemia, dissections of the coeliac trunk and superior mesenteric artery had been found in preoperative images. Echocardiography revealed that patients without MAO had an ascending aorta with a larger diameter (43.2 ± 5.7 vs 45.7 ± 8.2, P < 0.05) and a larger left ventricular end diastolic diameter (49.1 ± 6.7 vs 54.7 ± 32.9, P < 0.05). Patients without MAO were more likely to have aortic regurgitation, and the left ventricular end diastolic diameter correlated with the degree of aortic regurgitation as the cause of left ventricular dilatation.
Procedural information and postoperative treatment for acute aortic dissection Type A Patients with MAO had total arch replacement more frequently (93.5% vs 83.7%, P < 0.05) than patients without MAO (Table 4) . Comparisons of other procedures between the 2 groups showed similar frequencies. The mean procedural durations in patients with MAO were significantly longer than those in patients with Current smoker is defined as someone who has smoked more than 100 cigarettes (including hand-rolled cigarettes, cigars, cigarillos and so forth) in his or her lifetime and has smoked in the last 28 days. d Current drinker is defined as someone who has drunk more than 100 g alcohol per week and has drunk alcohol in the last 28 days. BMI: body mass index; CAD: coronary artery disease; MAO: major adverse outcomes; SD: standard deviation. no MAO, including for CPB (208.1 ± 66.9 min vs 174.2 ± 47.9 min), cross-clamp (109.4 ± 36.7 min vs 94.7 ± 25.0 min) and HCA (22.9 ± 7.7 min vs 19.8 ± 9.6 min) ( Table 4 ). The mean length of stay in the intensive care unit and the mean duration of ventilator use in patients with MAO were also longer than those in patients with no MAO (each P < 0.001) ( Table 4 ).
Multivariate analysis of major adverse outcomes after surgical procedure in acute aortic dissection Type A Two regressions were performed separately for the pre-and intraoperative risk factors. The variables included for each regression after backwards selection are summarized in Tables 5 and 6 . Multivariate analysis revealed that in-hospital adverse outcome was predicted by older age [OR = 1.047 (1.008-1.087), P < 0.05], presentation of lower limb symptoms prior to surgery [OR = 2.905 (1.109-7.608), P < 0.05)] and long CPB time [OR = 1.011 (1.005-1.018), P < 0.01] ( Table 6 ). Adverse events decreased in patients with a long duration from symptom onset to surgery [OR = 0.993 (0.987-0.999), P < 0.05] and in patients with an ascending aorta with a large diameter [OR = 0.942 (0.892-0.995), P < 0.05] ( Table 6 ).
DISCUSSION
AADA exhibits poor short-term outcomes, even when surgical management is offered in a timely manner [1, 2] . The in-hospital mortality rate was 6.4% in this series, which is much lower than that in other AADA studies. The German Registry for Acute Aortic Dissection Type A (GERAADA) study reported that the 30-day mortality rate of 2137 patients with AADA was 16.9%, which is comparable to that reported by other studies in which the mortality rate averaged approximately 17% [3] . Shrestha et al. [5] recently published a case series on patients with acute Debakey I aortic dissection treated with the frozen elephant trunk technique, showing The factors were considered statistically significant with P-values of 0.05 or less. AADA: acute aortic dissection Type A; DAA: diameter of ascending aorta; LSA: left subclavian artery; LVEDD: left ventricular end diastolic diameter; MAO: major adverse outcomes; SD: standard deviation. Table 4 : Procedural information and postoperative treatment of patients with acute aortic dissection Type A an in-hospital mortality rate of approximately 9%. Previous studies [8] of patients with AADA have correlated the risk of death with older age in patients with AADA, which was also confirmed through the results of multivariate analysis in this study. A contributing factor to the lower number of deaths in this series may be the younger age of the patients (47.4 ± 11.5 years) compared with the age of the patients in the GERAADA study (60.5 ± 13.6 years) and in the Shrestha et al. study (56.0 ± 12.0 years). Compared to the results from other studies, patients in this cohort experienced a longer duration from the onset of initial symptoms to surgery. This difference was mainly due to the patients' late presentation in our institution from their initial symptom onset. China's limited medical services and inconvenient patient transfer system are 2 main contributors to the delayed presentation of patients with AADA at the tertiary hospital. Patients with AADA who died before arriving at our hospital were not included in this study. Our cohort may have had a higher percentage of patients with AADA without preoperative organ malperfusion than other previous studies, improving the in-hospital outcomes. When compared with the GERAADA and Shrestha et al. studies, the operative times for our team of 4 attending surgeons, including CPB, cardiac arrest and HCA, were shorter [3] [4] [5] . Experience may also contribute to the early-term outcomes. A multivariate analysis demonstrated that better in-hospital outcomes were achieved in patients with a lower percentage of preoperative malperfusion and longer duration from symptom onset to surgery in this cohort. This finding suggests a hypothesis for further study as to whether good outcomes can be produced with delayed surgery in patients with AADA without organ malperfusion.
Previous studies [9] [10] [11] [12] have reported that the risk of death significantly increases in patients with AADA with malperfusion syndromes. The GERAADA study specifically identified a comatose state as a risk factor for death in patients with AADA [3] . The multivariate analysis in our study revealed that having lower limb symptoms preoperatively is another independent risk factors for MAO. Limb ischaemia or spinal cord injury, which suggests severe extension of the aortic dissection in conjunction with visceral or renal malperfusion, produced symptoms of pain in the extremities, decreased muscle strength and sensory dysfunction. This study exclusively verified the significant effect of lower limb symptoms on in-hospital outcomes in patients with AADA. Inhospital adverse outcomes for patients with lower limb symptoms occurred less frequently when we focussed on postoperative care or operative strategy, 2 examples of the latter being the use of appropriate artery cannulation to avoid the femoral artery with an ischaemic lower limb and performing intraoperative cerebrospinal fluid drainage if spinal cord ischaemia is suspected.
Vessel involvement in aortic dissection has a tremendous impact on the patient's outcome [13] . In this study, the proportion of branch vessel involvement in patients with MAO was much higher than that in patients without MAO. The effect of procedural factors on MAO were evaluated in our multivariate analysis, with the data showing that the risk of adverse outcomes significantly increased with long CPB time. This finding was identical to findings in previous studies [14] [15] [16] . The diameter of the ascending aorta was determined to be an independent risk protective factor for inhospital adverse outcomes. The presence of an expanded ascending aorta commonly correlated with connective tissue disease, and such patients exhibited AADA at a young age. For them, early outcome is improved because preoperative malperfusion is less likely. Our experience showed that these patients had impaired mediumand long-term outcomes because connective tissue disease often required a secondary procedure on the downstream aorta.
Limitations
This study has some limitations. First, it is a retrospective observational study. Second, the assessment of the involvement of the branch arteries was performed by physicians, which could bias study results. Due to the urgent needs of patients with AADA, a randomized controlled trial is difficult to perform. Consequently, further studies with more patients are needed.
For the surgical technique, we recommend that total arch replacement using the frozen elephant trunk technique be considered in all patients with Debakey I aortic dissection and in those with Debakey II aortic dissection who are also suspected of having connective tissue disease. Delayed surgery can be considered in patients with AADA without severe organ malperfusion if medical resources are limited. For such patients, extremely good outcomes can be produced in experienced hands and by a centre with a high annual caseload. However, in patients presenting with the identified risk features, major adverse events must be anticipated. Ultimately, the incidence of a composite end point of various major adverse events is still unsatisfactory.
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